Aim The purpose of the article is to highlight a specific fracture pattern encountered by us in the osteoporotic upper humerus. We present our results of management of such metadiaphyseal fractures of the upper humerus with less invasive plating. The additional steps taken to improve final outcome and the reasoning behind each are discussed. Patients and methods In our department, a total of 13 fractures (in 12 patients) were managed for a metadiaphyseal fracture of the upper humerus between 2010 and 2013. There were 2 males and 10 females. The average age in the cohort was 74.3 (52-95) years. In 9 fractures, the fracture line was extending above the surgical neck. All patients were managed with a locking compression plate (long PHILOS or LCP) using two approach windows (proximal deltopectoral and a distal anterior or lateral). Patients were evaluated for clinical outcome using the Quick DASH score and assessed for radiological union, complications or re-operations retrospectively.
Introduction
Fractures of the humerus are frequently managed nonoperatively with satisfactory results [1] . A minority of them will need surgical stabilisation for classic indications. The option of nailing or plating humerus fractures is debated with each method having advantages of its own [2] . The upper humerus is a common site for osteoporotic fractures, and low-energy falls can result in complex fracture patterns in this region [3] , which often extend into the humeral head. These fractures are too high for humeral bracing and the prolonged non-operative management may have considerable morbidity. Therefore, the fractures involving the metadiaphyseal area of the proximal humerus may be preferably treated surgically. Locking compression plate is an accepted method to treat such fractures to address problems of proximal fixation and better purchase in osteoporotic bone [4, 5] .
Minimally and less invasive plating has been performed in the humerus using such plates with good results [6, 7] . The concept of a contoured long plate to be applied over the lateral part of the proximal humerus and anteriorly over the distal part is not new [8] [9] [10] .
Patients and methods
Twelve patients with 13 metadiaphyseal fractures (1 bilateral) of the upper humerus managed in our unit between June 2010 and January 2013 were retrospectively reviewed. There were 2 males and 10 females in the cohort. The average age was 74.3 (52-95) years. The side involved was 5 right and 6 left, and one patient had bilateral fractures. None of the patients had a nerve palsy on presentation. The Association for Osteosynthesis/Association for the Study of Internal Fixation (AO/ASIF) classification was used, and the subtypes are detailed in Table 1 along with the cohort details, technique used and final outcome. In 9 fractures, the fracture line was extending into the proximal humerus.
Surgical technique
After appropriate anaesthesia, patients were positioned in a deck chair position. The image intensifier position was checked for adequate anteroposterior, lateral and axillary views. Proximally, a deltopectoral window was used. After exposure of the fracture proximally, reduction was performed by closed means initially. After checking the initial reduction with the image intensifier, any fracture fragments that could be lagged were fixed with screws. If there was no such possibility, a non-absorbable Ticron suture was used as a cerclage to aid contact of fragments. Distally, an anterior (8 patients) or a lateral window (4 patients with 5 fractures) was used for plating. In a distal lateral approach, the radial nerve was identified between the brachialis and brachioradialis before plating. In an anterior approach distally, the brachialis was split between lateral 1/3 and medial 2/3. In the latter, the plate used was twisted by around 45°to aid anterior placement. After using a locking drill sleeve for control, the plate was slid in the sub muscular extraperiosteal plane. The plate was passed into the subdeltoid space and then through the subbrachial space and retrieved either laterally or anteriorly. After proper positioning of the plate, one conventional screw was inserted to approximate the plate to the shaft and subsequently fixed with locking screws (minimum of 6 cortices distally). Final reduction was checked and wound edges were approximated with prolene without drains. Post-operative physiotherapy was started on day one, and patients were discharged home when safe, but continued physiotherapy on an outpatient basis. Follow-up All patients were followed up as outpatients with X-rays at 6 weeks, 3 months and thereafter at regular intervals depending on the progress of fracture healing. Bony union on X-ray was defined as bony bridging of at least three cortices on the anteroposterior and lateral views. The final outcome was assessed using the Quick DASH (Disabilities of Arm, Shoulder and Hand) tool.
Results
After a mean follow-up of 14.3 (4-36) months, all patients showed fracture union and there were no non-unions or avascular necrosis of humeral head. In two fractures (out of five) managed with a proximal deltopectoral and a distal lateral approach, there was radial nerve palsy post-operatively. The two patients with radial nerve palsy improved significantly (grade 4 power) at 3 months and completely by 6 months. The Quick DASH tool showed an average score of 28.1 (0-72.5) with 4 patients complaining of inability to perform heavy household work or sports, but none had any arm pain. The Figs. 1 and 2 show the preoperative radiographs of a long spiral metadiaphyseal fracture of the right upper humerus with a large butterfly fragment. Figures 3 and 4 show the follow-up radiographs of the same patient after 3 months.
Discussion
The fractures of the proximal humeral metadiaphysis are a challenge to manage for various reasons. They occur in elderly patients, in osteoporotic bone, often extend into the head, thus are difficult to manage with simple LCP and will need an extensile approach for formal internal fixation. The common patterns of fracture seen in our cohort were a bending wedge or a long spiral type with or without a large butterfly fragment. The problem of maintaining stability to facilitate fracture healing would not allow for early rehabilitation in such fractures with non-operative management. Internal fixation with a Locking Proximal Humeral Plate PHILOS (Synthes, Oberdorf, Switzerland) [11] allows stable proximal fixation as it is contoured to the anatomy of lateral aspect of the proximal humerus (Fig. 5) . This works well in osteoporotic bone as angular stability is provided with screws locking into the plate and their threedimensional distribution in the humeral head [12] . The common mode of application of a long plate in a comminuted fracture is to allow indirect fracture healing by bridging for which the screws should be at a considerable distance from the fracture site. The proximal humeral locking plate is a very stiff implant in all modes of loading and shows minimal deformation [13, 14] . The locking plate in this cohort was used in a neutralisation mode, and in all patients, the fracture fragments were brought into contact with each other. A lag screw was applied or a strong suture passed as a cerclage to achieve contact between fragments. This step is important as fixing the fragments even in minimal distraction with a stiff construct like proximal humeral locking plate will delay union [15] .
Osteoporosis poses two difficulties in these fractures, altered mechanics and biology [3] . Although the healing progresses through the normal stages, the process is prolonged. The quality and the quantity of healing are reduced in osteoporotic bone models in animal studies [15] . Hence, the fracture fragments should be approximated either by direct or by indirect methods to minimise the risk of delayed or non-union which results in implant failure. This is reflected in the increased rate of complications following operative treatment for metaphyseal fractures in the elderly [16, 17] . A hybrid construct with a compression screw initially as a reduction aid is better in osteoporotic bone and does not adversely influence the overall strength of the fixation [18] .
Less invasive techniques in plating humerus have been described using different approaches with good results [6, 7, 9] . These are technically demanding and need considerable surgical experience to get a satisfactory reduction [19] . The placement of plate on the lateral aspect of humerus proximally and on the anterior surface distally makes perfect sense. This allows minimal possibility of complications and nerve injury in each zone. This principle was well described as anterior plating can interfere with the long head of biceps, whereas a lateral plate at the lower third of humerus can put the radial nerve at risk [8, 9] . A lateral window to allow total lateral placement of the long PHILOS plate was done in 4 patients. Two of the four patients had dense radial nerve palsy post-operatively. The nerve was identified and isolated in each case in spite of which 2 patients ended with radial nerve palsy. We feel that the simple manipulation of the nerve during plating in an area where it is tethered by the lateral intermuscular septum and has decreased mobility can lead to an injury. In patients who had a distal anterior approach, the plate was twisted in the middle by approximately 45°. The Figs. 6 and 7 show the anteroposterior and lateral views of a twisted long 10-hole PHILOS plate applied on a humerus model, and Fig. 8 shows the end on view of the plate to appreciate the degree of contouring. This allowed the flush placement of the plate over the anterior aspect of the distal third humerus using a brachialis split approach, where the radial nerve is protected laterally and the musculocutaneous nerve medially. We did not encounter any difficulties in this step or implant failure due to stress raiser at the point of twist. We have since exclusively used the anterior window distally with a contoured PHILOS plate in such fractures.
Studies have shown that long PHILOS is a satisfactory solution for the metadiaphyseal fractures of the humerus in general [20] . Our article aims to bring to the notice of the readers the entity of a low-energy bending wedge or a long spiral fracture with or without a large butterfly fragment occurring in osteoporotic bone, which will need a long locking plate in a neutralisation mode with adequate reduction in fragments. The additional contouring of the plate with an anterior approach distally will reduce the risk of radial nerve damage considerably.
